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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image display 
device that can be easily sealed in a vacuum atmosphere and 
its manufacturing method. 

SOLUTION: The vacuum outer case of image display device 
has a back substrate and a front substrate 1 1 arranged opposed 
to each other and a side wall provided between these 
substrates. A fluorescent screen 16 is formed on the inner face 
of the front substrate and electron emission elements are 
provided on the back substrate. A primary coat 3 1 and an 
indium layer overlapping this primary coat are formed on the 
sealing face 11a between the front substrate and the side wall, 
and at least one of the primary coat and the indium layer has 
protruded parts 31a, 32a protruding from the sealing face. By 
heating and melting indium in a vacuum atmosphere, the front 
substrate and the back substrate are mutually sealed through 
the side wall. 
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(54) B85l©*»3 MM»IMi«J:WE-<!)WBeFtt 

(57) [ gift J 

[ISM] JfiSSfflftf -C»*t»»«T 5 r: t 

tllla icii, Tit® 3 1 t ZCDTMmzmfrXJ V 
®'>4<it-Jli, if«Fffi^?>?5tt}L.fc^ffigii3 l 

a, 3 2 afc^t/r^S,, JS^IBM^-CM' Vv>? A£ 




rmm ± t tt e> n±iET«&® t nsro&jiit* 

4£jR»#WJiO'>jS;<i:t,-*tt, ±E#*ffi*»b*ffl 

So 

[1***3] WB5^ffi£> crolfffig«l;:*t[Sj|Ea£;fx 
tlx., 

mmrnk oRK&vtztiitwatk *n LtzK-mmk , ± 
®.kwmk<Dffl<om%w<D'pt£<kb-j3te, rmmk 

l$ k i- 3 It** 2 x tt 4 k:s*©®$&*S». 

BUkftUkz^L, ±m%mmt, ±un*m<ow» 
mz-mibfix\^z.k*m&k-t%&i&$.\t£^'L5 

[it *js 7 ] ±m%mmt, ±mw&.m*b±wM%m 
(D^m^mm l-cvs r. k *w&k-rz>m #* e fcia« 



#Si 1 fcV> L 5 ©VI* 1 *Kf2*©Iilfc^gfio 

[»*SU 1 1 ±K&Jllt»WlS^ 3 5 Q°C$X 

[M**l 2] _hlBte»jR^J»*r«-r±, -fVS*frA*fc 
l l iE&©li&£^&, 

[»*fil 3] ±IET±fi®!4. ft. 7*S = *A, 

[Htftgl 4] ±BT*Htt, ft. t/w^^^a, 
sy^r/K =/VWh, 6!©4>ft< £*> lo^-^tf^ii^ 

•rv^5r^:*^l#mt1-5tl*«2X^44 K:e«OHft« 
©'>*< t fc-lS5»K:*iV^T, rcoT«SJiroti«Ti^ 

^ fc'-A^^ffi ^ y -1'frJBaStf SWT* 

^mk-r^>m^m^mm. 

[M*Sl 7] WffiSfc *Jitfi©=ffffi3£«fcjl*iSlE 
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SrjfflB 3*T ±E* ffiSffi i ±IEWffiS« t Sr± 
B£f* B-eit «-f- s xs t , 

IW&mi 9] ±B&JS#*#J1£, K^5 3 5 0tK 

1 9 £E4tom«39&ft0a&ft*&. 

L l 8 <ovvf l «K:E*a)Hift**8«roS!l3t* 

[K*JI2 2] .hfETi&Jf «, 7/1^=* A, 
siy^VU, a/VVh, «i«0'>*< ifclO^tf^M^ 

[M&JK2 3] ±BT**0>*fc< tt>-»»t»v^ 
T, ±B*Jl««*mJit±BT*l©«KTO*C» 

[0 0 0 1] 

[»W©JR-t- £0»Wf±, WlSlEESttfc 
[0 0 0 2] 

js*e>tt-o^ 0 mjw&tm!*)^ 

/H'l^r^aVf-f^T'K GUT, FEDitf 
OUT* SED^-fS) iWitvO^o 

[0 0 0 3] FEDil, H&iC ffife<Dffif$% 



B^i^t 5 r fc £ t> *£0.ffl#«rfl*jfc L,-cv$„ 
SStL-C^O^^s'^^itbtiTV^o WB 

[0004] WffiS»J©«Sttiaff o v-efo t) , mite 
y-y^fl^-rs^ at, t©^*i-^5 

[0 0 0 5] r<Oj;5'SFEDT(4, fJESSfcUBS 
«i:©PMI]*r«:mmBTfcR3ei-8rfc#t»*» »E© 

v^SBtSHt (CRT) iJt«LT\ <H4k *SflS& 

[0 0 0 6] 

■ef±, «^^H«rtSS©l(fflft*«itfi o- e ~i o 
- 6 Palcfifco&KjPfcS. fl6*©SWU»CHt, X£ 
A-HSI&3 o otegS-CWi-S-^-^r^^aicJ: 

[0 0 0 7] ^©fcfe, W^«#M¥9-8 2 24 5f 
«lB»««3bfc#** y-^±K^££tlfc 
^^/W^y^±Sr, Ti, Z r %L< (l^tlbK'-a-^*^ 

[0 0 0 8] L^L*^^, #i3¥9-8 2 2 4 5^ 

[0009] ■M^m^n<DM^&i±if^mt L 
xmtk'Vtm&Rtsx.Tmwmi.b zmM-tz>J>mtf% 
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[0 0 10] L^Lft^fc, JEgftfyjJs' h#?*«: 

S„ *fc, S^$ffl§ST-©#tt±, 4 0 0'CKloW 
tc-f a r t r*»w x ^mt» h <o , * © A 5 felt 

< &v\ 

[ooii] r©B?imRh©/£K£^ft$*ifct>© 

[00 12] 

[ISy8£#$:'t3fc&©^I3:] ±!H@M^5i^1-5fc 
r©fP^#3B^^ig»4, WBS&, *54tf 

BS4, ^M»#S^J;t)#t*$tiV^ii: ; fel', ±IB 

[0 0 13] *&, r<0»9!fcffiaHft«^£ftM\ flf 
SrtLfcfl-IS^i:, ±re*ffl«©rt«fc»!tt 
&ir©M©$t*BI4, Tiili:r©T«±fc^itf>ti 
bthK, ±fi5TiftJf:fc4U^JS^*WI©'>fr < i fc 

[0014] r.©^ir^5fifec»p}^^aii, US 

t£t«t©W©ltiFE, *5 4tf±lE?5 , B&«iffi!lSi: 
©W©£fifB©4>&< i: >b-7jf4, &Ji£it*WUJ:4!9 

[0 0 15] *fc, £©38Wt::«5ffi©Hfc*^8II 



©T^®±^K*t fbtt±12Ti&l t H«©&Mit*fi-Ji 

[0016] sic z<D&w\c&z>m®&&&mz£th 

[4, ±BB»»ffitt> ±IBtfiffiS«fc5^i41lffi£«©ja 

astsr^ru ±fia^wgfsf4, ±Ei^»B©ii:il§?*5 4tj* 

[0 0 17] r©Biai-#5iB^^i£g©« 
#&t4, 1TB3&K, *3 4tKr©WffiSSi-»[RjEg^ti 

fetbfcm^©®^^^^^ t , £fli;ifcB&*^g«© 
«5i*-fel-*5^-C, ±iE1TB*tgi:±fBllfrB£tK£©ffl 
0»»ffifcJBo-CTiWi*»J*1-6Xat, ±fBTJttS 
t Sr±!2T^l £ WaT»iH-6 

*t*ffia»b*fflLfc*ffl«t*J«+«3aii:, ±iBT«S 
JIi3J:tWfell»#J8Sr^Lfcft» ±flE1Tffi£IR*5J:tf 

$ -£T ±E1¥®St£ fc ±EtflffiSffi t &±IB^*B 

[0 0 18] ±f&*%W\c&ZW&$tjF&U1$£.Tf%:<D 
Kit^£*5V^-C, ±EA«»#*mi: L/C, 3 5 Ot; 

y5?9A*fc(4'<>'^t7ASr^tP^S:ffiV^V>«o * 
fc, ±ISTi6H4, <t*»»WI"Hi:JtU'C«ilitt*J:t/ 

^/u b, ffl©'>ft< t fc l o&^tf&JS^-;* h, «, 

t> lo^tf^H^y= 3 M&5^f4^«K, Xi4^y^ 

[0019] ±IB©4 5 icftj&SftfcHfMtiftSft*.): 
^©Kjt*ffi£4tL!4, 4«»#«-JISrfflv^rWffiaE 
« t WBS« t ft v ^ (4KSW K»3IW 5 tic 4 

ite^i^CiC/jlV^^llS^ M*^rtTft5rt 
*s-Ct«. 7U y h^9^*fflVNfc#^-©4 5£ 

^©^*5^^-f 5 r t , *^fflS©M^ 

JR»#*m*sjSiBU-Ctttt*sfi<!5:ofc»^-Ct>, Tift 

[0 0 2 0] Kic, *3SWK:J;Hfi, TW*34^JS 
#t*«»l©'>ft< t fc-*-Ctt3»BA»e.2gtHUfc^W 

<, ^fiJro^Ji««-^K»±^ti4^ffl1-ri: 
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v^i +##»if;a s fi : frftT y <*dS3S^-f-5»ix^* 

£fcU:J;9, AJR»»«S-**^KK£L, fit, 
jB*t*a-»Sr±E^W^l-^< it^t?tSo lot, 

[0 0 2 1] 

fefcSflWSfil 1, *3±tFWBS«i 2 SMI A, rft 
eoSStt^l. 5-3. 0mm©ra^B^-CM(6]ga 

g£ft-o^5„ ^L-r, iffliSS«i lfciu^s&si 
ft, rt»*«aa^Kiw»s*ifc«¥ft«^©*3a^ 

[0 0 2 2] JKSftBSl OOrtflJfctt, 2 
ttSS©3EJ*B5fl"i ^sKttibft-cv^. rftbos^ffl 

£rg^-Cgatt&ft'0^<, ft*3, £J3 gp*f l 4 CDJgftfc 
o^Ttt#fc£ftfcl»££fta 

[0 0 2 3] 13 <fc 9 flflffiSS l l 

*^y -VI 6 Si, it, flp©3ftfc»3l|fii-5*3ft# 

©*l;:Bft«J:5lJ:il*>ft*. i£5tft*? y -y 

AgdSsM^ftTV^,, 
[0 0 24] HI 2 IdTjrf J; 3 C WffiSS 1 2 <Drtffi± 

ttt, fMR, g, Bfrmm-tzmTtkmrnk l 
m^-isctn^ 2 2«siSJtbftrv>5. cjx&ffli^Scttj 

[0025] Pisic^s i , mmmm. 1 2 co^ffi±t 
»mtt# y-KS 2 4 im&isfr. r.w#«tt*y 
- Ki_hici4#^co^-Y ifr -i 2 5 &=fr LfcrgMiyy y 



flM^ftTV^,, 2<£>rtffi±tC:}b^ 
t#^^f-f 2 Srtfc:, *S7 , fy^^45n-y 
ftWtfJ-JifcfiiJlf^ 2iWBW&ft-CV>.5. *£>ffi, ffffi 
S«12±(rtt, fcf-jgcffijlR- 2 2tdgic$ftfc0^L 

Tivv h y s/ ? ^<DWMMim^hsx\^. rft& 
-*©ffiia*>b^»cgitwsfta. 

[0 0 2 6] ±K©J;$fc*fi££ftfcFEDK:*i^-C, 

iMMt-s-w:, ^jsg-^hy y^^^fc^^ftfcm^ft 

ffi^T-2 2 ty-KS®2 8lcA*$ft-5„ ft-^Scffl* 
?2 2£S3<?i: fttttKoftwRftofe + 

1 0 0 V©y- h«ff:6 s Biai$ftS. Sbfcft*:? 

y — yi e\c&+ 1 0 k vegans ft 5. *l.t\ m-? 
-HS28©ii!:iorfi^ r<o«^tr-i» 

[0027] i©J;5K*3t^^y-^l 6lcttRm 

BE*PnanSft5fc», wb5*ri 1, iraiStti 2, w 

#7*;W£ffl<*ft-C^5„ *fc, &SE1-5J:5K:, 

1 2 iflij^ 1 8 t ©pgcoM^ffili, 
*?©ffi»£:tf5*3 ofc±otW#§ft, frffiSSi 1 
8 fcOWtt, ««H±fc**S*tfcTiMi3 1 

LfcSft§3 3icJ;o-CSt#$ftrv^o 
[0 0 2 8] ftfc, ±W.O£0\m®.£tltzFED00M 

m%m\zwxfflBKWi-rz. *t, wbssi 1 1 

ttWSJxte-ilftfcxi' y-vi 6*^1-5. rft 
tt, WffiS^i 1 tPC^:t§©«^7^SrJ«ib, r 

$ ftfcig# 9 ^ i: mm&mffi <d®.j37 * t 

[0 0 2 9] ^V^-C, •WESffifflOS^7^ir.S : ffAffl 

i? y y ^SSlcJ; 5 riMk'> y = ^RolftSdBtSr^i- 

So 

[0030] ciro»il±i-, FRtf^^yi? 

y y^i^t-Aif^ia t) * y y^y^^-y* 
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[00 3 1] Wt, Uitxh^f-yRW-Y-nrnZ: 
A*Mf*rfT5£ifc.fc!K ^- h*«2 8±l;:, 

©t, ifffiifiiE«BffK»LT:aii:*3En«ii*»6, #y-K 

[0 0 3 2] m^X, lfftHi^2 2fflM$}ltf 
SSfil 2©JBWBi£J§M*tt©fllttl 8i©M«\ * 

fc, *ftftf, HBSS1 2±|C«ft©£«rtK*fl 4* 
3 o |e J: 5 

[0 0 3 3] ^©f^ WBSS 1 2 tiWBStE lit* 

fJ;5i-> *1\ *f#Bl 8 bir* 511111 8©±ffiK 
^lClotT*l3 lt»J*j-«. r.©TWl3 1© 
*Ii»Jig 1 8 ±ffi©«, 19 , Jt#B 1 8 a C0« ± t> 

[0 0 3 4] H 5 tOirf ± 5 id, flffiSS 1 1 111 

©#f*ffil 1 att, lfflBB*firtffi©JSIlttBfc»-ariS!* 

L*f isjf 5 2 mom^n 1 4 o©^ t *w l 

TVStitl^ fflffil 8«Jttffil 8 a fcUHflW— + 

ifel3j:ijqBi-©«ij*o-cv>.5. ^tr, rwfctffasi 

1 a±^^JHcSE-p-CTite®3 1 5. rtDTftS 

S 3 1 ©tttt, 1 1 a colli fcflfc^fcSK 

[0 0 3 5] *fc, ^iSco^fiK^-t, fjBg&l 
liCffM§^fcT^l3 1(4, StifBl 1 a©4ooi 

©2§ffigP3 1 aStUV^. T&J13 UZffr< 

[0 0 3 6] m^r y m 4 *3 5 {r^-f-J; 5 in, * 

fc^ffit^*-f-5o ^Jxtt\ 11180lS;9mmtL 
fcH^ TJ&J13 l©*g(i8mm, ^y^Al3 2© 

[0 0 3 7] ES5^ibJ;< t>^5<t 5(c, SfrffiS^i l 

HIWT*i3 l±i^^§tL^>^^AS3 2 fit, ft 



3 2aliTi§3 l©3Sfflgi$3 1 a ifcfifcTJgjfcStl 
[0 0 3 8] ^Jl»#H-»t LTte, |g£#ftl 3 

^^©^fir^v^-rvv 1 

*A (In) fit, «1 5 6. 7 ti^fc 
[0 0 3 9] tii^HJSi: I nco^ 

mm, m. r^-?.*., s 

^5r.ifc-C#5 0 Wtii, I n 9 7%-Ag 3%©* 

[0 0 4 0] ft*s, ±lBRWCtt, r§t&j tv^Siil 

*fflv>r^5^, 2®w±co^:s^ej^5-a-^'ett, a 

r co J: 5 fttW-fcSav^-cfciWC fc v ^5 ^m*fflv>5 r fc 
[0 0 4 1] LfcTitiil 3 1 f4, ^Mit*^ 

JSi^^«-^•!r3lftL■r^|P^4cOSv^|^^*fflv^5 0 ±34 u 

m^—X h<D^ Til3 1 t Lt, iS, = 

[0 0 4 2] ^ii, St#® 1 1 a iCTliS 3 1 *J± W 

^dai3 2*s»j«sixfciwBis«i 1 1. mmmm 

1 2 ictiJil 1 8tfM%£tir^^2>bki>\~^ <DMm±M 
KT*J13 i*5J:Wys??Al3 2*sjTM$tbfcWffi 
Wmsc^ir^, S6(c^f>t5t^ 1 a, 1 8 

[o o 4 3] m7\C7Pti. r©X^a^Bio 
0i4, *JtStA/t?K»t6ttfcti- K^l 0 l, 
^, S^Sfcit^i 0 2, ftSP^l o 3, fv9Vt<rm 
#^i 0 4, asr^i o 5, ftSfl^i o 6, feitfry 
n-K^i o 7*wltv>5 0 r^t>#^{is^*aa^ 

[0 044] 0fS©IBIBfe*v^-C#lSl LfcWBfilfflSlft: 
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*5«fcl*fl&Ba&K 1 1 ft* c-KilOl d&ASJ-w ci 

^aias^i o 2^as&*T,5. s^sfcif 

^10 2-eii> 10- 6 PaSS©«SSClUfci 
£T\ Hffi«fflSE#:*3J;U<BflBSSSr3 0 O'CgftOiB. 

[0 0 4 5] rrofiSr-f4-r^i?^A^ (Bfcj£ft)l 5 6 
<C) 3 2&fflt.-r2>. Lfl>U WVS^AJlS 2S4g|fB 
ttWfi^TJ&l 3 l±iCj&££*VCV^$fc*, -f^>>? 
£ifc<T»S 3 1±W£&£H, 

[0046] ^-df-^^ n*mm& 1 o 2 -e 

tt, amifcilBWte, -<-*y^, lf»H0 2i: 

«i 1 wmjt^^ y-^ffi, ft^^wss^i 2©m 

[0047] », vHUVcMk* 

ZTimmmm 1 1 1 0 3 wu*® 1 

0 ox><wmwm%x-n;n£ti>?>, asv*-c, tail 

[0 0 4 8] J5c{c, ITffi^&ffcte.fctfilW&Ki 1 i4 
te&^i o siesta, ri"C2 0 ots-cM&tw 
y^A!3 2 fftflftttlcffikfc 3 vMiScfls Sir,*, 
rw^fgx*, MSSSl 1 i«8l 8 k%m&LXffife 

6 0 mWO, MSSKl 1 £<MS1 8i#, -OS? 
>>Af 3 23$£tfTi&l§3 1 SriB-g- L-fc#t*S 3 3irJ: 
or»#Sii. K£#H«i ojis^^tts. 
[0049] fjffiSts 1 1 ®J»Ti&S 3 1 *}J: 

Wy^!)A|3 2 SI, St^fBl 1 a <0#^gR^e>^ffl 
LfcSgfflg? 3 1 a , 3 2 a ^tl^ftW LTV^<, 

*>f>^ttiflB3 la, 32a fcm*H&%W<DftWlZ%t> 
*»»AJi3 2«r»jjtUfc»*"Ct», *MO<{yi?VAifi 

[0 0 5 0] roi5tUTjgfi8$JifcJI^H«i o 



mi 0 7*»e>8?>W£ii3. BU^IS^it), FED 

[0 0 5 1] et±»J;5lifll^;$^fcFED*3<fc^« 
ltt**fcj:*vtf, X£#fflfW-eftW£l£i l, fcJ: 
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afc#*»*»*«r#ari rtttJ;?), iffi 

v £iSt#"5rttft F E D 5 w t ifiX t 3. 
[0 0 5 2] Sfc, *t#«-»iLT'r>'^i>ASr«Effl-t- 
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P^lC, -Y^S^AJg 3 2 ©TKTiiSJf 3 1 £Ktt3w 
tie i *) , Jt^XS^feVT'l' 
"Cti'f Xi^^A confetti £§Sit Lgf JHMfcflNWS r. t 

Sot, ^ys>?A<D®<9&V^S18S*i:& 
13, 5 O'l'^fiJiico^sroH^S^fi-efco-ti^ 
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HfflTil3 1fi±W^')AI3 2lt itfll 
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SB31a, 3 2 811*^, ~y 1 6 ±. 

^-e^s. tot, FEDco^ttte^kS-frart 

[0 0 5 4] ft*5, ±SfiLfc^C0^ffiT?tt, ifffi&tS 
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v\ -t L-T, %mnomz&mKfcKxmwwmxh 
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(54) [Title of the Invention] IMAGE DISPLAY DEVICE AND METHOD OF 
MANUFACTURING THE SAME 
(57) [ABSTRACT] 

[Object] To provide an image display device in which sealing can be easily 

performed in a vacuum atmosphere, and a method of manufacturing the image 
display device. 

[Solving Means] A vacuum envelope of an image display device includes a rear 
substrate, a front substrate 11 and a sidewall. The rear substrate and the front 
substrate 1 1 are disposed facing each other, and the sidewall is provided between 
these substrates. A phosphor screen 16 is formed on an inner surface of the front 
substrate, and electron emission elements are provided on the rear substrate. A 
foundation layer 31, and an indium layer 32 which is superposed on the foundation 
layer, are formed on a sealing surface 11a between the front substrate and the 
sidewall. At least one of the foundation layer and the indium layer includes a 
protruding portion 31a or 32a which protrudes from the sealing surface. By 
heating and melting indium in a vacuum atmosphere, the front substrate and the rear 
substrate are sealed to each other with the sidewall therebetween. 
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[Scope of Claims] 

[Claim 1] An image display device characterized by comprising: 

an envelope including a rear substrate and a front substrate disposed 
facing the rear substrate; and 

a plurality of pixel display elements provided on an inner side of the 
envelope, the image display device characterized in that 

a sealing surface between the front substrate and the rear substrate is sealed 
with a metal sealing material layer, and 

the metal sealing material layer includes a protruding portion protruding 
from the sealing surface. 

[Claim 2] An image display device characterized by comprising: 

an envelope including a rear substrate and a front substrate disposed facing 
the rear substrate; and 

a plurality of pixel display elements provided on an inner side of the 
envelope, the image display device characterized in that 

a sealing surface between the front substrate and the rear substrate is sealed 
with a foundation layer and a metal sealing material layer of a type different from 
that of the foundation layer, the metal sealing material layer being provided on the 
foundation layer, and 

at least one of the foundation layer and the metal sealing material layer 
includes a protruding portion protruding from the sealing surfaces. 
[Claim 3] An image display device characterized by comprising: 

an envelope including a rear substrate, a front substrate disposed facing the 
rear substrate, and a sidewall arranged and provided between a periphery of the 
front substrate and a periphery of the rear substrate; and 

a plurality of pixel display elements provided on an inner side of the 



-3- 



Tokukai-hei 2002-184329 



envelope, the image display device characterized in that 

at least one of a sealing surface between the front substrate and the sidewall, 
and a sealing surface between the rear substrate and the sidewall is sealed with a 
metal sealing material layer, and 

the metal sealing material layer includes a protruding portion protruding 
from the sealing surfaces. 

[Claim 4] An image display device characterized by comprising: 

an envelope including a rear substrate, a front substrate disposed facing the 
rear substrate, and a sidewall arranged and provided between a periphery of the 
front substrate and a periphery of the rear substrate; and 

a plurality of pixel display elements provided on an inner side of the 
envelope, the image display device characterized in that 

at least one of a sealing surface between the front substrate and the sidewall, 
and a sealing surface between the rear substrate and the sidewall is sealed with a 
foundation layer and a metal sealing material layer of a type different from that of 
the foundation layer, the metal sealing material layer being provided on the 
foundation layer, and 

at least one of the foundation layer and the metal sealing material layer 
includes a protruding portion protruding from the sealing surfaces. 
[Claim 5] The image display device according to any one of claims 2 and 4, 

characterized in that, 

each of the foundation layer and the metal sealing material layer includes a 
protruding portion protruding from the sealing surfaces, and 

the protruding portion of the metal sealing material layer is provided on the 
protruding portion of the foundation layer. 

[Claim 6] The image display device according to any one of claims 1 to 5, 
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characterized in that 

each of the sealing surfaces forms a rectangular frame shape extending 
along a periphery of the corresponding one of the front substrate and the rear 
substrate, and includes a plurality of linear portions and corner portions, and 

the protruding portion is provided on one of the linear portions of the 
sealing surfaces. 

[Claim 7] The image display device according to claim 6, characterized in 

that the protruding portion protrudes from the linear portion to the outside of the 
sealing surfaces. 

[Claim 8] The image display device according to any one of claims 1 to 5, 

characterized in that 

each of the sealing surfaces forms a rectangular frame shape extending 
along a periphery of the corresponding one of the front substrate and the rear 
substrate, and includes a plurality of linear portions and corner portions, and 

the protruding portion is provided on at least one of the corner portions of 
the sealing surfaces. 

[Claim 9] The image display device according to claim 8, characterized in 
that each of the protruding portions protrudes from the corner portion to the outside 
of the sealing surface. 

[Claim 10] The image display device according to any one of claims 8 and 9, 
characterized in that the protruding portions are provided respectively on four of the 
corner portions of each of the sealing surfaces. 

[Claim 11] The image display device according to any one of claims 1 to 10, 
characterized in that the metal sealing material layer is formed of a low melting 
point metal material having a melting point not greater than 350°C. 
[Claim 12] The image display device according to claim 11, characterized in 
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that the low melting point metal material is any one of indium and a metal alloy 
containing indium. 

[Claim 13] The image display device according to any one of claims 2 and 4, 
the foundation layer is formed of a metal paste containing at least one of silver, gold, 
aluminum, nickel, cobalt and copper. 

[Claim 14] The image display device according to any one of claims 2 and 4, 
the foundation layer is formed of any one of: a metal plating layer containing at least 
one of silver, gold, aluminum, nickel, cobalt and copper; a vapor deposition film; 
and a glass material. 

[Claim 15] The image display device according to any one of claims 2 and 4, 
the metal sealing material layer is formed in a manner that the width thereof is 
narrower than the width of the foundation layer on at least part of the foundation 
layer. 

[Claim 16] An image display device characterized by comprising: 

an envelope including a rear substrate and a front substrate disposed 
facing the rear substrate; 

a phosphor screen formed on an inner surface of the front substrate; and 

an electron emission source, which is provided on the rear substrate, and 
which emits an electron beam to the phosphor screen, thereby causing the phosphor 
screen to emit light, the image display device characterized in that 

a sealing surface between the front substrate and the rear substrate is sealed 
with a metal sealing material layer, and 

the metal sealing material layer includes a protruding portion protruding 
from the sealing surface. 

[Claim 17] A method of manufacturing an image display device including an 
envelope that includes a rear substrate, a front substrate disposed facing the rear 
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substrate, and a plurality of pixel display elements provided on an inner side of the 
envelope, the method characterized by comprising the steps of: 

forming a foundation layer along a sealing surface between the rear 
substrate and the front substrate; 

forming a metal sealing material layer of a type different from that of the 
foundation layer in a manner that the metal sealing material layer is superposed on 
the foundation layer; 

forming a protruding portion, which protrudes from the sealing surface, on 
at least one of the foundation layer and the metal sealing material layer when 
forming the foundation layer and the metal sealing material layer; and 

sealing the rear substrate and the front substrate with the sealing surface, by 
heating the rear substrate and the front substrate in a vacuum atmosphere so as to 
melt the metal sealing material layer, after forming the foundation layer and the 
metal sealing layer. 

[Claim 18] The method of manufacturing an image display device according 
to claim 17, characterized in that in the step of forming the protruding portion, 
protruding portions each protruding from the sealing surface are formed respectively 
on the foundation layer and the metal sealing material layer, while the protruding 
portion of the metal sealing layer is formed on the protruding portion of the 
foundation layer. 

[Claim 19] The method of manufacturing an image display device according 
to any one of claims 17 and 18, characterized in that the metal sealing material layer 
is formed of a low melting point metal material having a melting point not greater 
than 350°C. 

[Claim 20] The method of manufacturing an image display device according 
to claim 19, characterized in that the low melting point metal material is one of 
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indium, and an metal alloy containing indium. 

[Claim 21] The method of manufacturing an image display device according 
to any one of claims 17 and 18, characterized in that the foundation layer is formed 
of a metal paste containing at least one of silver, gold, aluminum, nickel, cobalt and 
copper. 

[Claim 22] The method of manufacturing an image display device according 
to any one of claims 17 to 20, characterized in that the foundation layer is formed of 
any one of: a metal plating layer containing at least one of silver, gold, aluminum, 
nickel, cobalt and copper; a vapor deposition film; and a glass material. 
[Claim 23] The method of manufacturing an image display device according 
to any one of claims 17 to 22, characterized in that the metal sealing material layer 
is formed in a manner that the width thereof is narrower than the width of the 
foundation layer on at least part of the foundation layer. 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention pertains] 

The present invention relates to an image display device, which includes: 
an envelope having rear and front substrates disposed facing each other; and a 
plurality of image display elements provided to an inner side of this package, and 
relates to a method of manufacturing the image display device. 
[0002] 

[Prior Art] As a next-generation lightweight and thin flat image display device, 
an image display device in which a number of electron emission elements 
(hereinafter termed as "emitters") are arranged and disposed facing to a phosphor 
screen has been developed in recent years. As an emitter, a field emission type or 
surface conduction type element is supposedly used. Normally, a display device 
using a field emission type electron emission element as an emitter is called a field 
emission display (hereinafter termed as an "FED"). A display device using a 
surface conduction type electron emission element as an emitter is called a 
surface-conduction electron-emitter display (hereinafter termed as an "SED"). 
[0003] For example, an FED generally includes front and rear substrates disposed 
facing each other with a predetermined gap therebetween. These substrates 
constitute a vacuum envelope by joining peripheries of the respective substrates 
each other with a sidewall of a rectangular shape interposed therebetween. A 
phosphor screen is formed on an inner surface of the front substrate, and a number 
of emitters as electron emission sources for exciting a phosphor to emit light are 
provided on an inner surface of the rear substrate. Furthermore, in order to support 
an atmospheric pressure load applied to the rear and front substrates, a plurality of 
supporting members are provided between these substrates. 
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[0004] An electric potential on the rear substrate side is approximately 0 V, and an 
anode voltage Va is applied to the phosphor surface. By irradiating red, green and 
blue phosphors constituting the phosphor screen with electron beams emitted from 
the emitters, the phosphors are caused to emit light. Thereby, an image is 
displayed. 

[0005] In such an FED, a gap between the front and rear substrates can be set at a 
value not greater than several mm. Thus, it is possible to achieve obtaining a 
lightweight and thin display device in comparison with a CRT (cathode ray tube) 
used as a display of a television or a computer, today. 
[0006] 

[Problems to be Solved by the Invention] In the aforementioned flat display device, 
it is required that a degree of vacuum inside the vacuum envelope is maintained, for 
example, at 10" 5 Pa to 10" 6 Pa. In a conventional evacuation process, 
surface-absorbed gas inside the envelope is released by a baking process during 
which the vacuum envelope is heated up to approximately 300°C. However, by 
use of such an evacuation method, the surface-absorbed gas cannot sufficiently be 
released. 

[0007] For this reason, in Japanese Unexamined Patent Application Publication No. 
Hei 9-82245, disclosed is a flat panel display device having the following 
configurations. Specifically, a metal back formed on a phosphor screen of a front 
substrate is coated with a getter material made of one of or an alloy of Ti and Zr. 
Alternatively, the metal back itself is formed of the aforementioned getter material. 
Otherwise, the aforementioned getter material is arranged on a portion other than an 
electron emission element in an image display region. 

[0008] In the image display device disclosed in Japanese Unexamined Patent 
Application Publication No. Hei 9-82245, however, the getter material is formed by 
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a normal panel process. For this reason, the surface of the getter material is 
necessarily oxidized. Since the degree of its surface activity is particularly 
important for the getter material, a sufficient effect of gas adsorption cannot be 
obtained from a getter material having an oxidized surface. 

[0009] As a method for increasing a degree of vacuum inside a vacuum envelope, 
the following one can be conceivable. Specifically, a rear substrate, sides walls, 
and a front substrate are loaded in a vacuum apparatus. Then, a getter film is 
formed after surface-adsorbed gas is released by baking. Thereafter, these 
components are irradiated with an electron beam in a vacuum atmosphere. 
Subsequently, the sidewalls, the rear substrate, and the front substrate are sealed by 
use of a frit glass or the like in the vacuum atmosphere. According to this method, 
surface-adsorbed gas can be sufficiently released by the electron beam cleaning, and 
a sufficient effect of gas adsorption can be obtained without causing the getter film 
to be oxidized. Moreover, since an exhaust pipe is not necessary, the space of the 
image display device is prevented from being unnecessarily consumed. 
[0010] In the case where sealing is performed by use of a frit glass in a vacuum 
atmosphere, however, it is required that the frit glass is heated to a high temperature 
not less than 400°C. At this time, a number of bubbles occur from the frit glass, 
leading to deterioration of air tightness, sealing strength, or the like of the vacuum 
envelope. This results in a problem that reliability is reduced. Furthermore, due 
to characteristics of an electron emission element, there is a case where it is better to 
avoid heating the frit glass to a high temperature not less than 400°C. In such a 
case, the method of sealing by use of a frit glass is not preferable. 
[0011] The present invention is made taking the factors described above into 
consideration. An object of the invention is to provide an image display device in 
which sealing can be easily performed in a vacuum atmosphere, and a method of 
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manufacturing the image display device. 
[0012] 

[Means for solving the Problems] In order to achieve the aforementioned object, an 
image display device according to the present invention is characterized by 
including an envelope and a plurality of pixel display elements. The envelope 
includes a rear substrate and a front substrate being disposed facing the rear 
substrate. The plurality of pixel display elements are provided on an inner side of 
the envelope. The image display device is also characterized in that a sealing 
surface between the front substrate and the rear substrate is sealed with a metal 
sealing material layer, and that the metal sealing material layer includes a protruding 
portion protruding from the sealing surfaces. 

[0013] In addition, an image display device according to the present invention is 
characterized by including an envelop and a plurality of pixel display elements. 
The envelope includes a rear substrate and a front substrate disposed facing the rear 
substrate. The plurality of pixel display elements are provided on an inner side of 
the envelope. This image display device is characterized in that a sealing surface 
between the front substrate and the rear substrate is sealed with a foundation layer 
and a metal sealing layer. The metal sealing layer is provided on the foundation 
layer, and of a type different from that of the foundation layer. The image display 
device is also characterized in that at least one of the foundation layer and the metal 
sealing layer includes a protruding portion protruding from the sealing surfaces. 
[0014] An image display device according to the present invention is characterized 
by including an envelope and a plurality of pixel display elements. The envelope 
includes a rear substrate, a front substrate and a sidewall. The front substrate is 
disposed facing to the rear substrate. The sidewall is arranged and provided 
between a periphery of the front substrate and a periphery of the rear substrate. 
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The plurality of pixel display elements are provided on an inner side of the envelope. 
This image display device is characterized in that at least one of a sealing surface 
between the front substrate and the sidewall and a sealing surface between the rear 
substrate and the sidewall is sealed with a metal sealing material layer. The image 
display device is also characterized in that the metal sealing material layer includes 
a protruding portion protruding from the sealing surfaces. 

[0015] In addition, an image display device according to the present invention is 
characterized by including an envelope and a plurality of pixel display elements. 
The envelope includes a rear substrate, a front substrate and a sidewall. The front 
substrate is disposed facing to the rear substrate. The sidewall is arranged and 
provided between a periphery of the front substrate and a periphery of the rear 
substrate. The plurality of pixel display elements are provided on an inner side of 
the envelope. The image display device is characterized in that at least one of a 
sealing surface between the front substrate and the sidewall, and a sealing surface 
between the rear substrate and the sidewall is sealed with a foundation layer and a 
metal sealing material layer. The metal sealing material is provided on the 
foundation layer, and is of a type different from that of the foundation layer. The 
image display device is also characterized in that at least one of the foundation layer 
and the metal sealing material layer includes a protruding portion protruding from 
the sealing surfaces. 

[0016] Furthermore, the image display device according to the present invention is 
characterized in that each of the sealing surfaces forms a rectangular frame shape 
extending along a periphery of the corresponding one of the front substrate and the 
rear substrate, and include a plurality of linear portions and corner portions. The 
image display device is also characterized in that the protruding portion is provided 
on one of the linear portions of the sealing surfaces. 



-13- 



Tokukai-hei 2002-184329 



[0017] On the other hand, a method of manufacturing an image display device 
according to the present invention is a method of manufacturing an image display 
device including an envelope and a plurality of pixel display elements. The 
envelope includes a rear substrate and a front substrate disposed facing the rear 
substrate. The plurality of pixel display elements are provided on an inner side of 
the envelope. The method is characterized by including the step of forming a 
foundation layer along a sealing surface between the rear substrate and the front 
substrate; the step of forming a metal sealing material layer of a type different from 
that of the foundation layer in a manner that the metal sealing material layer is 
superposed on the foundation layer; the step of forming a protruding portion, which 
protrudes from the sealing surface, on at least one of the foundation layer and the 
metal sealing material layer when forming the foundation layer and metal sealing 
material layer; and the step of sealing the rear substrate and the front substrate with 
the sealing surface, by heating the rear substrate and the front substrate in a vacuum 
atmosphere so as to melt the metal sealing material layer, after forming the 
foundation layer and the metal sealing layer. 

[0018] In the image display device and the manufacturing method of the same 
according to the present invention, as the metal sealing material, a low melting point 
metal material having a melting point not greater than 350°C is used. For example, 
indium or a metal alloy containing indium is used. Moreover, the foundation layer 
is preferably formed of a material having good wettability and airtightness with 
respect to the metal sealing material, that is, a material having a high affinity for the 
metal sealing material. For this reason, employed is any one of a metal plating 
layer containing at least one of silver, gold, aluminum, nickel, cobalt and copper; a 
vapor deposition film; and a glass material. 

[0019] According to the image display device configured in the aforementioned 



-14- 



Tokukai-hei 2002-184329 



manner, and the method of manufacturing the same, the front substrate and rear 
substrate are directly or indirectly sealed to each other by use of the metal sealing 
material layer. Accordingly, the sealing of the front substrate and the rear substrate 
can be performed at a low temperature not thermally damaging the electron 
emission elements or the like provided on the rear substrate. Moreover, the 
airtightness and sealing strength of the vacuum envelope can be improved without 
an occurrence of a number of bubbles, which is likely to be observed in a case 
where a frit glass is used. At the same time, a foundation layer of a type different 
from that of the metal sealing material layer is provided. Accordingly, even in a 
case where the metal sealing material melts at the time of sealing, thereby reducing 
the viscosity thereof, the metal sealing material can be prevented from flowing and 
can be retained at a predetermined position with the foundation layer. 
[0020] Furthermore, according to the present invention, a protruding portion 
protruding from the sealing surface is provided on at least one of the foundation 
layer and the metal sealing material layer. Accordingly, it becomes possible to 
securely seal the sealing surface without causing a leak or the like and also without 
causing excess metal sealing material to flow on wirings or the like. Specifically, 
the sealing is performed in a state where the metal sealing material has melted. For 
this reason, there is a concern that leak or the like may occur when the amount of 
filling of the metal sealing material is too small. On the contrary, when the amount 
of filling is too large, there is a concern that the sealing metal material may flow on 
positions where this is undesirable, thereby deteriorating the display performance as 
a display. Then, by providing the aforementioned protruding portion, and by 
setting a sufficient amount of the metal sealing material, even in a case where extra 
metal sealing material is supposedly generated, the extra metal sealing material can 
be guided to the protruding portion. Accordingly, it is possible to obtain an image 
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display device, which can be easily handled, and in the manufacturing of which the 
sealing can be easily and securely performed in a vacuum atmosphere, and to obtain 
a method of manufacturing the image display device. 
[0021] 

[Embodiment Mode for carrying out the Invention] Hereinafter, an embodiment in 
which an image display device of the present invention is applied to an FED will be 
explained in detail while referring to drawings. As shown in Figs. 1 and 2, this 
FED includes a front substrate 11 and a rear substrate 12 each formed of a 
rectangular glass, as insulating substrates. These substrates are disposed facing 
each other with a gap of approximately 1.5 mm to 3.0 mm therebetween. Then, 
peripheries of the front substrate 1 1 and the rear substrate 12 are joined to each other 
with a sidewall 18 of a rectangular frame interposed therebetween. The substrates 
and the sidewall constitute a vacuum envelope 10 of a flat rectangular shape, the 
inside of which is maintained in a vacuum state. 

[0022] In order to support an atmospheric pressure load applied to the rear 
substrate 12 and the front substrate 11, a plurality of supporting members 14 are 
provided to the inside of the vacuum envelope 10. These supporting members 14 
extend in a direction parallel to a long side of the vacuum envelope 10 while being 
disposed in a direction parallel to a short side thereof with a predetermined gap 
between each two adjacent members. It should be noted that the shape of the 
supporting member 14 is not limited to this, and a supporting member of a columnar 
shape may be used. 

[0023] As shown in Fig. 3, a phosphor screen 16 is formed on an inner surface of 
the front substrate 11. This phosphor screen 16 is formed of phosphor layers R, G, 
and B, and a black light absorbing portion 20 of a matrix shape. The phosphor 
layers emit light in three colors, red, green and blue, respectively. The 
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aforementioned supporting members 14 are placed in a way that they are hidden by 
the shadow of the black light absorbing portion 20. Moreover, an unillustrated 
aluminum layer is vapor deposited on the phosphor screen 16 as a metal back. 
[0024] As shown in Fig. 2, a number of electron emission elements 22 of electric 
field emission type, each of which emits a laser beam, are provided on an inner 
surface of the rear substrate 12 as an electron emission source for exciting the 
phosphor layers R, G and B. These electron emission elements 22 are arranged in 
multiple rows and columns, while each of the electron emission elements 22 
corresponds to each of pixels, and these electron emission elements 22 function as a 
pixel display device. 

[0025] Describing in detail, a conductive cathode layer 24 is formed on an inner 
surface of the rear substrate 12. A silicon dioxide film 26 including a number of 
cavities 25 is formed on this conductive cathode layer 24. A gate electrode 28 
made of molybdenum, niobium or the like is formed on the silicon dioxide film 26. 
The electron emission elements 22 of cone shape, which are made of molybdenum 
or the like, are respectively provided in the cavities 25 on the inner surface of the 
rear substrate 12. In addition, unillustrated wirings or the like in a matrix, which 
are joined to the emitters 22, are formed on the rear substrate 12. These wirings 
are lead out from at least one of long sides and one of short sides of the rear 
substrate 12. 

[0026] In the FED configured in the manner described above, an image signal is 
inputted to the electron emission elements 22 formed in a simple matrix system and 
the electrode 28. In a case where the electron emission elements 22 are regarded 
as the reference, a gate voltage of +100V is applied thereto when the brightness is 
highest. Moreover, a voltage of +10kV is applied to the phosphor screen 16. 
Then, the size of an electron beam emitted from the electron emission element 22 is 
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modulated by the voltage of the gate electrode 28. Then, this electron beam 
excites a phosphor layer of the phosphor screen 16 to emit light. Accordingly, an 
image is displayed. 

[0027] As described above, since a high voltage is applied to the phosphor screen 
16, a high strain point glass is used for a plate glass for the front substrate 11, the 
rear substrate 12, the sidewall 18 and the supporting members 14. Moreover, as 
will be described later, a sealing surface between the rear surface 12 and the 
sidewall 1 8 is sealed with a low melting point glass 30 such a frit glass. Moreover, 
the front substrate 11 and the sidewall 18 are sealed to each other by a sealing layer 
33 in which a foundation layer 31 formed on a sealing surface between the 
substrates and an indium layer 32 formed on the foundation layer are fused. 
[0028] Next, a method of manufacturing the FED configured in the manner 
described above will be explained in detail. First, the phosphor screen 16 is 
formed on a plate glass which is to be the front substrate 11. A plate glass having 
the same size as that of the front substrate 1 1 is prepared, and a stripe pattern of the 
phosphor layers is formed by a plotter machine. The plate glass on which the 
phosphor stripe pattern is formed and the plate glass for the front substrate are 
placed on a positioning jig to be set on an exposure table. Then, the phosphor 
screen 1 6 is generated by exposure and development. 

[0029] Subsequently, the electron emission elements 22 are formed on a plate glass 
for the rear substrate. In this case, a conductive cathode layer of a matrix shape is 
formed on a plate glass, and then, an insulating film of a silicon dioxide film is 
formed on this conductive cathode layer by a thermal oxidation method, a CVD 
method, or a sputtering method, for example. 

[0030] Thereafter, a metal film of molybdenum, niobium, or the like for forming a 
gate electrode is formed by a sputtering method, or an electron beam vapor 
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deposition method, for example. Next, a resist pattern having a shape 
corresponding to a gate electrode to be formed is formed on this metal film by 
lithography. The gate electrode 28 is formed by etching the metal film with this 
resist pattern as a mask by a wet etching method or a dry etching method. 
[0031] Next, the cavities 25 are formed by etching the insulating film with the 
resist pattern and the gate electrode as masks by the wet etching method or the dry 
etching method. Then, after removing the resist pattern, an electron beam vapor 
deposition is performed thereon in a direction tilted in a predetermined angle with 
respect to the front surface of the rear substrate. Thereby, a release layer made of 
aluminum or nickel, for example, is formed on the gate electrode 28. Thereafter, 
as a material for forming a cathode, for example, molybdenum is vapor deposited 
thereon by the electron beam vapor deposition method in a direction perpendicular 
to the front surface of the rear substrate. Thereby, the electron emission elements 
22 are formed respectively on inner sides of the corresponding cavities 25. 
Subsequently, by a lift-off method, the release layer is removed together with the 
metal film formed thereon. 

[0032] Subsequently, the periphery of the rear substrate 12 on which the electron 
emission elements 22 are formed, and the sidewall 18 of rectangular shape are 
sealed to each other in atmosphere by use of the lower melting point glass 30 placed 
therebetween. At the same time, the plurality of the supporting members 14 are 
sealed on the rear substrate 12 by the low melting point glass 30 in atmosphere. 
[0033] Thereafter, the rear substrate 12 and the front substrate 1 1 are sealed to each 
other with the sidewall 18 interposed therebetween. In this case, as shown in Fig. 
4, first, the foundation layer 3 1 is formed on all over the circumference of the upper 
surface of the sidewall 18 which is to be a sealing surface 18b. This foundation 
layer 31 is formed in a way that the width of thereof becomes slightly narrower than 
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the width of the upper surface of the sidewall 18, that is, the width of the sealing 
layer 1 8a. 

[0034] On the other hand, as shown in Fig. 5, a sealing surface 11a on the front 
substrate 1 1 side includes two pairs of linear portions, and four corner portions, the 
two pairs of the line portions forming a rectangular frame shape along the periphery 
of the inner surface of the front substrate while the lines of each of the pairs face 
each other. The sealing surface 1 la is also formed so as to have approximately the 
same dimension and width as those of the sealing surface 18a of the sidewall 18. 
Then, the foundation layer 31 is formed on all over the circumference of this sealing 
surface 11a. The foundation layer 31a is formed in a way that the width thereof 
becomes slightly narrower than the width of the sealing surface 11a. 
[0035] Furthermore, in the present embodiment, the foundation layer 3 1 formed on 
the front substrate 11 includes four protruding portions 31a each protruding outward 
from each of the four corner portions of the sealing surface 11a while exceeding this 
sealing surface. It should be noted that the foundation layer 31 is formed by 
coating silver paste. 

[0036] Subsequently, as shown in Figs. 4, 5A, and 5B, on each of the foundation 
layers 31, an indium layers 32 extending on all over the circumference of the 
foundation layer 3 1, is formed by coating indium as a metal sealing material. Each 
of the indium layers 32 is formed in a way that the width thereof becomes slightly 
narrower than the width of each of the foundation layers 3 1 . Moreover, the indium 
layers are formed such that predetermined gaps are placed respectively between 
both side ends of each of the indium layers and both side ends of each of the 
foundation layers 31 by coating indium on each of the foundation layers to become 
this state. For example, in a case where the width of the sidewall 1 8 is set at 9 mm, 
the width of the foundation layer 3 1 is formed to be 8 mm, and the width of the 
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indium layer 32 is formed to be approximately 6 mm. 

[0037] As can been seen well from Fig. 5 A, the indium layer 32 formed on the 
foundation layer 31 on the front substrate 11 side includes the four protruding 
portions 32a each protruding outward from each of the four corner portions of the 
sealing surface 11a while exceeding this sealing surface. The protruding portions 
32a are formed while being superposed on the corresponding protruding portions 
3 1 a of the foundation layer 3 1 . 

[0038] It should be noted that as the metal sealing material, it is preferable to use s 
low melting point metal material having a melting point not greater than 
approximately 350°C, and excellent adhesive properties and joining properties. 
Indium (In) employed in this embodiment has not only a low melting point of 
156.7°C but also the following excellent features. Indium (In) has a low vapor 
pressure, is soft and resistant to impacts. In addition, indium (In) does not turn 
brittle under low temperature. Moreover, since indium (In) can be directly joined 
to glass depending on conditions, indium (In) is suitable for achieving an object of 
the present invention. 

[0039] Furthermore, as the low melting point material, instead of In alone, an alloy 
obtained by adding one of or a combination of elements, such as silver oxide, sliver, 
gold, copper, aluminum, zinc, and tin, to Indium (In) may be used. For example, 
with a eutectic alloy containing 97% In and 3% Ag, the melting point becomes 
141°C which is even lower than that of the aforementioned metal material, and 
moreover, the mechanical strength can be increased. 

[0040] Incidentally, although an expression "melting point" is used in the above 
description, with an alloy composed of two or more types of metal, there is a case 
where the melting point cannot be defined as a single point. In general, a liquidus 
temperature and a solidus temperature are defined in such a case. The former is a 
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temperature at which part of the alloy starts solidifying from the liquid state when 
the temperature is decreased, and the latter is a temperature at which the entire alloy 
solidifies. In the present embodiment, for the sake of convenience of description, 
in such cases as well, the expression "melting point" is used, and hereinafter, the 
solidus temperature is called a melting point. 

[0041] On the other hand, a material having good wettability and airtightness with 
respect to the metal sealing material, that is, a material having a high affinity for the 
metal sealing material is used as the aforementioned foundation layers 31. In 
addition to the aforementioned silver paste, a metal paste of gold, aluminum, nickel, 
cobalt, copper, or the like may be used. Other than the metal paste, a metal plating 
layer of silver, gold, aluminum, nickel, cobalt, copper or the like, or a vapor 
deposition film, or a glass material layer can be used as the foundation layers 31. 
[0042] Next, the front substrate 1 1 and a rear side assembly are held by a jig or the 
like in a state where the sealing surfaces 11a and 18a face each other with a 
predetermined distance therebetween, and are loaded in a vacuum processor. Here, 
the front substrate includes a foundation layer 31 and an indium layer 32 both 
formed on the sealing surface 11a. In the rear side assembly, the sidewall 18 is 
sealed onto the rear substrate 12 and another foundation layer 31 and another indium 
layer 32 as well are formed on an upper surface of this sidewall. 
[0043] As shown in Fig. 7, this vacuum processor 100 includes a loading chamber 
101, a baking and electron beam cleaning chamber 102, a cooling chamber 103, a 
vapor deposition chamber 104 for a getter film, an assembly chamber 105, a cooling 
chamber 106, and an unloading chamber 107, which are sequentially arranged and 
provided side by side. Each of these chambers is configured to be a chamber in 
which vacuum processing can be performed, and all the chambers are evacuated 
during the manufacturing of the FED. Furthermore, each two adjacent processing 
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chambers are joined to each other with a gate valve or the like. 
[0044] The rear side assembly and the front substrate 1 1 facing each other with a 
predetermined gap therebetween are loaded into the load chamber 101, and then sent 
to the baking and electron beam cleaning chamber 102 after causing the inside of 
the loading chamber 101 to be a vacuum atmosphere. In the baking and electron 
beam cleaning chamber 102, the rear side assembly and the front substrate are 
caused to undergo a baking process by being heated to a temperature of 
approximately 300°C at the time when the degree of vacuum reaches a high degree 
around 10" 5 Pa, and then surface-absorbed gas of each of the components is caused to 
be sufficiently released. 

[0045] At this temperature, the indium layer (a melting point of approximately 
152°C) 32 melts. However, since the indium layer 32 is formed on the foundation 
layer 3 1 having a high affinity therefor, the indium can be retained without flowing. 
Accordingly, it is possible to prevent the indium from flowing to the side of the 
electron emission elements 22, to the outside of the rear substrate, or to the side of 
the phosphor screen 16. 

[0046] Moreover, in the baking and electron beam cleaning chamber 102, 
simultaneously with heating, the surface of the phosphor screen of the front 
substrate 1 1 and the surface of the electron emission elements of the rear substrate 
12 are irradiated with an electron beam by an unillustrated electron beam generator 
attached to the baking and electron beam cleaning chamber 102. This electron 
beam is deflected and scanned by a deflector installed outside the electron beam 
generator. Accordingly, the surface of the phosphor screen and the entire surfaces 
of the respective electron emission elements can be cleaned by the electron beams. 
[0047] After heating, and cleaning by the electron beams, the rear substrate side 
assembly and the front substrate 1 1 are sent to the cooling chamber 1 03 and then are 
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cooled to a temperature of approximately 100°C, for example. Subsequently, the 
rear side assembly and the front substrate 11 are sent to the vapor deposition 
chamber 104 for a getter film, and then, as a getter film, a Ba film is vapor deposited 
and formed on the outer side of the phosphor screen, here. This Ba film is 
prevented from being stained on its surface due to oxygen or carbon, and can be 
kept in an active state. 

[0048] Next, the rear side assembly and the front substrate 11 are sent to the 
assembly chamber 105, and then the indium layers 32 melt to be in a liquid state or 
are softened again by being heated up to 200°C. In this state, the front substrate 1 1 
and the sidewall 18 are joined to each other and are pressurized with a 
predetermined pressure. Thereafter, the indium is gradually cooled to be solidified. 
Thereby, the front substrate 11 and the sidewall 18 are sealed with the sealing layer 
33 in which the indium layer 32 and the foundation layer 31 are fused together. As 
a result, the vacuum envelope 10 is formed. 

[0049] Here, the foundation layer 31 and the indium layer 32 of the front substrate 
11 side respectively include the protruding portions 31a and 32a, each protruding 
from each of the corner portions of the sealing surface 11a. With these protruding 
portions, even in a case where excess indium having melted during the sealing is 
supposedly generated, this excess indium is guided to the protruding portions 31a 
and 32a from the corner portions of the sealing surface 11a, and then is sent to the 
outside of the sealing surface. Accordingly, even in a case where the indium layer 
32 of a sufficient amount is formed in order to perform secure sealing, the excess 
indium does not flow on the phosphor screen 16, the wirings, or the electron 
emission elements side. As a result, the sealing surface can be securely sealed 
without deteriorating the display performance of the FED. 

[0050] The vacuum envelope 10 formed in the manner described above is unloaded 
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from the unloading chamber 107 after being cooled to normal temperature in the 
cooling chamber 1 06. The FED is completed by the processes described above. 
[0051] According to the FED configured in the manner described above, and the 
method of manufacturing the FED, the sealing of the front substrate 1 1 and the rear 
substrate 12 is performed in a vacuum atmosphere. For this reason, 
surface-absorbed gases of the substrates can be sufficiently released therefrom by 
baking and electron beam cleaning in combination. Accordingly, a sufficient effect 
of gas adsorption can be obtained without causing a getter film to be oxidized. 
Thereby, an FED capable of maintaining its high degree of vacuum can be obtained. 
[0052] By using indium as a sealing material, an occurrence of bubbles can be 
suppressed at the time of sealing. For this reason, an FED having high airtightness 
and sealing strength can be obtained. In the meantime, by providing the 
foundation layer 31 under the indium layer 32, indium can be prevented from 
flowing and be retained at a predetermined position even in a case where the indium 
melts during the sealing process. Accordingly, the handling of indium becomes 
easier, and sealing can be securely and easily performed even on a large image 
display device having a size not less than 50 inches. 

[0053] Furthermore, according to the embodiment, the foundation layer 3 1 and the 
indium layer 32 on the front substrate 1 1 side respectively include the protruding 
portions 31a and 32a each protruding from each of the corner portions of the sealing 
surface 11a. For this reason, even in a case where excess indium is generated 
during the sealing process, it is possible to prevent the excess indium from flowing 
on the phosphor screen 16, or the wirings, or on the electron emission elements side, 
since this excess indium is guided to the protruding portions 31a and 32a. 
Accordingly, the sealing surface can be securely sealed using a sufficient amount of 
indium without causing display performance of the FED to be deteriorated. 
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Because of the features described above, it is possible to obtain an image display 
device in the manufacturing of which sealing can be easily and securely performed 
in a vacuum atmosphere, and the method of manufacturing the image display 
device. 

[0054] It should be noted that in the aforementioned embodiment, the following 
configuration is employed. Specifically, the sealing is performed in a state where 
the foundation layer 31 and the indium layer 32 are formed on both of the sealing 
surface 11a of the substrate 11 and the sealing surface 18a of the sidewall 18. 
However, as shown in Fig. 8, for example, the following configuration may be 
employed. Specifically, the sealing may be performed in a state where the 
foundation layer 31 and the indium layer 32 are formed on any one of the sealing 
surfaces, for example, on the sealing surface 1 la of the front substrate 1 1 . 
[0055] Moreover, the positions on which the protruding portions 31a and 32a of 
the foundation layer 31 and the indium layer 32 to be formed are not limited to the 
corner portions of the sealing surface 11a. The protruding portions 31a and 32a 
may be formed on linear portions of the sealing surface 11a. In this case, the 
protruding portions 31a and 32a may protrude from the sealing surface 11a in any 
one of inward and outward directions. It is preferable that the protruding portions 
31a and 32a be provided so as to avoid lead-through portions of the wirings 
provided on the rear substrate 12. Furthermore, it is not necessary that the 
protruding portions 31a and 32a are provided at the same position by being 
superposed one on another. These protruding portions 31a and 32a may be 
provided respectively at different positions without being superposed one on another. 
Also, the number of protruding portions may be increased or decreased as necessary. 
[0056] Moreover, in the aforementioned embodiment, the configuration in which 
the protruding portions are to be formed on both the foundation layer 3 1 and the 
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indium layer is employed. However, it suffices that the protruding portions be 
provided on at least one of the foundation layer and the indium layer. For example, 
as shown in Fig. 10, a configuration in which the protruding portions 31a are 
provided only on the foundation layer 31 may be employed. Alternatively, as 
shown in Fig. 11, a configuration in which the protruding portions 32a are provided 
only on the indium layer 32 may be employed. In any of the cases, it is possible to 
prevent indium from flowing on portions where this is not desirable by guiding 
excess indium to the aforementioned protruding portions. Accordingly, the same 
operational effects as those in the aforementioned embodiment can be obtained. 
[0057] In addition, the present invention is not limited to the aforementioned 
embodiments, and various modifications may be applied thereto within the scope of 
the present invention. For example, the rear substrate and the sidewall may be 
sealed by use of the same sealing layer as the one described above, in which the 
foundation layer 31 and the indium layer 32 are fused, therebetween. Furthermore, 
in the aforementioned embodiment, although the configuration in which the indium 
layer is superposed on the foundation layer is employed in any of the cases, it is 
possible to omit the foundation layer. 

[0058] Moreover, it is possible to use a configuration in which the front substrate 
and the rear substrate are directly joined each other by bending end portions of one 
of the front substrate and the rear substrate to form a junction without the sidewall 
interposed therebetween. Moreover, the configuration in which the indium layer is 
formed in a way that the width thereof is smaller than that of the foundation layer on 
all over the circumference is employed. However, as long as the indium layer is 
formed in a way that the width thereof is smaller than at least part of the width of 
the foundation layer, the indium can be prevented from flowing. 
[0059] In the aforementioned embodiment, an electron emission element of field 
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emission type is used. However, the electron emission element is not limited to 
this, and other electron emission elements including a pn type cold cathode element, 
an electron emission element of surface conduction type, and the like can be 
employed. Moreover, the present invention can be applied to other image display 
devices including a PDP (plasma display panel), an EL (electro-luminescence) and 
the like. 
[0060] 

[Effect of the Invention] As has been described so far, according to the present 
invention, it is possible to provide an image display device in which sealing can be 
easily performed in a vacuum atmosphere, and which has high air tightness and a 
sealing strength by sealing substrates to each other by use of a foundation layer and 
a metal material sealing layer formed on the foundation layer while providing 
protruding portions on at least one of the foundation layer and the metal sealing 
layer, and to provide a method of manufacturing the image display device. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a perspective view showing an FED according to the present 
invention. 

[Fig. 2] Fig. 2 is a cross sectional view taken along the line A-A in Fig. 1. 

[Fig. 3] Fig. 3 is a plane view showing a phosphor screen of the FED. 

[Fig. 4] Fig. 4 is a perspective view showing a state in which a foundation layer and 

an indium layer are formed on a sealing surface of a sidewall partially constituting a 

vacuum envelope of the FED. 

[Fig. 5] Figs. 5A and 5B are a plane view and a perspective view, respectively, each 
showing a state where a foundation layer and an indium layer are formed on a 
sealing surface of a front substrate partially constituting the vacuum envelope of the 
FED. 
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[Fig. 6] Fig. 6 is a cross sectional view showing a state of a rear side assembly and 
the front substrate each of which including a foundation layer and a indium layer 
formed on the corresponding one of the sealing layers, are disposed facing each 
other. 

[Fig. 7] Fig. 7 is a view schematically showing a vacuum processor used for 
manufacturing the FED. 

[Fig. 8] Fig. 8 is a cross sectional view showing a state where the foundation layer 
and the indium layer are formed on the sealing surface of the front substrate in a 
process of forming a vacuum envelope of an FED according to another embodiment 
of the invention. 

[Fig. 9] Fig. 9 is a plane view showing a modification example in which protruding 
portions of a foundation layer and an indium layer formed on a sealing layer of a 
front substrate partially constituting a vacuum envelope of an FED are formed on 
linear portions of the sealing surface. 

[Fig. 10] Fig. 10 is a perspective view showing a modified example in which 

protruding portions are provided only on a foundation layer among the foundation 
layer and an indium layer formed on a sealing surface of a front substrate partially 
constituting a vacuum envelope of an FED. 

[Fig. 11] Fig. 1 1 is a perspective view showing a modified example in which 

protruding portions are provided only on an indium layer among a foundation layer 
and the indium layer formed on a sealing surface of a front substrate partially 
constituting a vacuum envelope of an FED. 
[Description of Reference Numerals] 

10 vacuum envelope 

11 front substrate 1 la 
1 la, 18asealing surfaces 
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] 2 rear substrate 

14 supporting member 

16 phosphor screen 

18 sidewall 

22 electron emission element 

30 low melting point glass 

3 1 foundation layer 
31a protruding portion 

32 indium layer 

32a protruding portion 

100 vacuum processor 
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[Fig.2] 
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[Fig.4] 
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[Fig.5] 
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[Fig.7] 
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[Fig.8] 




-41- 



Tokukai-hei 2002-184329 




-42- 



Tokukai-hei 2002-184329 



[Fig.10] 
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[Fig.ll] 
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